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Description
BACKGROUND

[0001] The disclosure relates to gas turbine engines.
More particularly, the disclosure relates to hot-corrosion
resistant bondcoats for thermal barrier coatings for gas
turbine engines.

[0002] Gas turbine engine gaspath components are
exposed to extreme heat and thermal gradients during
various phases of engine operation. Thermal-mechani-
cal stresses and resulting fatigue contribute to compo-
nent failure. Significant efforts are made to cool such
components and provide thermal barrier coatings to im-
prove durability.

[0003] Exemplary thermal barrier coating systems in-
clude two-layer thermal barrier coating systems. An ex-
emplary system includes NiCoCrAlY bondcoat as the first
layer (e.g., low pressure plasma sprayed (LPPS)) and
yttria-stabilized zirconia (YSZ) (or gadolinia-stabilized
zirconia (GSZ)) thermal barrier coating (TBC) (e.g., air
plasma sprayed (APS), suspension plasma sprayed
(SPS) or electron beam physical vapor deposited (EB-
PVD)) as the second layer. Prior to and while the thermal
barrier coat layer is being deposited, a thermally grown
oxide (TGO) layer (e.g., alumina) forms atop the bond-
coat layer. As time-at-temperature and the number of
cycles increase during subsequent service exposure,
this TGO interface layer grows in thickness. An exem-
plary YSZ is 7 weight percent yttria-stabilized zirconia
(7YS2).

[0004] Exemplary TBCs are applied to thicknesses of
1-40 mils (0.025-1.0mm) and can contribute to a temper-
ature reduction of up to 300 °F (167 °C) at the base metal.
This temperature reduction translates into improved part
durability, or higher turbine operating temperatures and
improved turbine efficiency.

SUMMARY

[0005] One aspect of the disclosure involves a coated
article having: a metallic substrate; a bondcoat; and a
thermal barrier coating (TBC). The bondcoat has a first
layer and a second layer, the first layer having a lower
Cr content than the second layer.

[0006] In additional or alternative aspects of any of the
foregoing aspects, a single or multilayer TBC comprises
material selected from the group consisting of yttria-sta-
bilized zirconia or gadolinia-stabilized zirconia or combi-
nations thereof.

[0007] In additional or alternative aspects of any of the
foregoing aspects, the article consists essentially of the
substrate, the bondcoat first layer, the bondcoat second
layer, thermally grown oxide (TGO) and the TBC.
[0008] In additional or alternative aspects of any of the
foregoing aspects, by weight percent: the bondcoat sec-
ond layer comprises 20-40 Cr, up to 30 Co, 5-13 Al, up
to 2Y, upto 2 Si, and up to 2 Hf; and the bondcoat first
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layer comprises 5-30 Cr, up to 30 Co, 6-35 Al, 0.1-2 Y,
0.1t0 2 Hf,0.1t0 7 Si,upto 8 Ta, up to 8 W, up to 2 Mo,
and up to 2 Zr.

[0009] In additional or alternative aspects of any of the
foregoing aspects, by weight percent: the bondcoat sec-
ond layer comprises 20-40 Cr, up to 30 Co, 5-13 Al, up
to2Y, up to 2 Si, and up to 2 Hf; and the bondcoat first
layer comprises 1.0-30 Cr, up to 30 Co, 3-35Al, 0.1-2Y,
0.1t0 2 Hf,0.1t0 7 Si,upto 8 Ta, up to 8 W, up to 2 Mo,
and up to 2 Zr.

[0010] In additional or alternative aspects of any of the
foregoing aspects: the bondcoat second layer has a chro-
mium content at least 10 weight percent higher than a
chromium content of the bondcoat first layer; and the
bondcoat first layer has an aluminum content at least 2
weight percent higher than an aluminum content of the
bondcoat second layer.

[0011] In additional or alternative aspects of any of the
foregoing aspects, by weight percent: the bondcoat sec-
ond layer comprises 20-40 Cr, up to 30 Co, 5-13 Al, up
to2Y, up to 2 Si, and up to 2 Hf; and the bondcoat first
layer comprises 1.0-30 Cr, up to 30 Co, 3-35Al, 0.1-2Y,
0.1-2 Hf, 0.1-7 Si, up to 8 Ta, up to 8 W, up to 2 Mo, and
up to 2 Zr.

[0012] In additional or alternative aspects of any of the
foregoing aspects, the bondcoat second layer has a chro-
mium content at least 10 weight percent higher than a
chromium content of the bondcoat first layer.

[0013] In additional or alternative aspects of any of the
foregoing aspects, the bondcoat first layer has an alumi-
num content equal to or greater than than an aluminum
content of the bondcoat second layer minus 2 weight
percent.

[0014] In additional or alternative aspects of any of the
foregoing aspects, the substrate comprises a nickel or a
cobalt based superalloy.

[0015] In additional or alternative aspects of any of the
foregoing aspects, the nickel based superalloy compris-
es, inweight %, 4.5-24 Cr,4.5-20 Co, upto 4.5 Mo, 1.5-11
W, upto5.5Ti,upto 12.25Ta, 1-6.2 Al, up to 0.05 B, up
t0 0.2 C, up t0 0.2 Zr, up to 1.2 Nb, up to 2.0 Hf, and up
to 3.5 Re.

[0016] In additional or alternative aspects of any of the
foregoing aspects, the cobalt based superalloy compris-
es, in weight %, 18-31 Cr, up to 15 Ni, up to 10 Mo, up
to 12 W, up to 3 Ti, 1-10 Ta, up to 0.5 Al, up to 0.02 B,
0.1t00.9C,0.2t00.6 Zr, up to 2 Nb, and up to 2 Fe.
[0017] In additional or alternative aspects of any of the
foregoing aspects, a method for manufacturing the article
comprises: applying the bondcoat first layer having an
as-applied weight % composition comprising 1.0-30 Cr,
up to 30 Co, 3-35 Al, 0.1-2 Y, 0.1 to 2 Hf, 0.1 to 7 Si, up
to8 Ta, upto 8 W, upto 2 Mo, and up to 2 Zr; and applying
the bondcoat second layer atop the bondcoat first layer
and having an as-applied weight % composition compris-
ing 20-40 Cr, up to 30 Co, 5-13 Al, upto 2 Y,up to 2 Si,
and up to 2 Hf.

[0018] In additional or alternative aspects of any of the
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foregoing aspects, the article consists essentially of the
substrate, the bondcoat first layer, the bondcoat second
layer, and the TBC.

[0019] In additional or alternative aspects of any of the
foregoing aspects, a method for manufacturing the article
comprises: applying the bondcoat first layer having an
as-applied weight % composition comprising 5-30 Cr, up
to 30 Co, 6-35 Al, 0.1-2Y, 0.1 to 2 Hf, 0.1 to 7 Si, up to
8 Ta, up to 8 W, up to 2 Mo, and up to 2 Zr; and applying
the bondcoat second layer atop the bondcoat first layer
and having an as-applied weight % composition compris-
ing 20-40 Cr, up to 30 Co, 5-13 Al, upto 2 Y, up to 2 Si,
and up to 2 Hf.

[0020] In additional or alternative aspects of any of the
foregoing aspects, a method for manufacturing the article
comprises: applying the bondcoat first layer having an
as-applied weight % composition comprising 1.0-30 Cr,
up to 30 Co, 3-35 Al, 0.1-2 Y, 0.1 to 2 Hf, 0.1 to 7 Si, up
to8 Ta, upto8 W, upto 2 Mo, and up to 2 Zr; and applying
the bondcoat second layer atop the bondcoat first layer
and having an as-applied weight % composition compris-
ing 20-40 Cr, up to 30 Co, 5-13 Al,upto 2 Y, up to 2 Si,
and up to 2 Hf.

[0021] In additional or alternative aspects of any of the
foregoing aspects, the bondcoat first layer and the bond-
coat second layer are applied by cathodic arc deposition.
However, they could be applied by one or a combination
of methods such as LPPS, HVOF, sputtering, EB-PVD
or others known in industry.

[0022] In additional or alternative aspects of any of the
foregoing aspects the bondcoat second layer is applied
directly atop the bondcoat first layer; and the TBC is ap-
plied directly atop the bondcoat second layer.

[0023] In additional or alternative aspects of any of the
foregoing aspects: a characteristic thickness of the bond-
coat first layer is 1 to 10 mils (0.02 mm to 0.25 mm); and
a characteristic thickness of the bondcoat second layer
is 1 to 10 mils (0.02 mm to 0.25 mm).

[0024] In additional or alternative aspects of any of the
foregoing aspect, the TBC comprises yttria-stabilized zir-
conia or gadolinia-stabilized zirconia or combinations of
the two.

[0025] In additional or alternative aspects of any of the
foregoing aspects, the substrate comprises a nickel
based or a cobalt based superalloy.

[0026] One embodiment of the disclosure involves a
method for cathodic arc deposition from a first cathode
and a second cathode. The method comprises: placing
one or more substrate(s) in a chamber; generating an
arc between the first cathode and an anode to deposit a
first material from the first cathode; and generating an
arc between the second cathode and the anode to de-
posit a second material from the second cathode. A rel-
ative position of a magnet and the first and second cath-
odes is shifted to shift from depositing the first material
to depositing the second material. The method further
comprises: vertically moving substrates from a first po-
sition associated with deposition from the first cathode
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to a second position associated with deposition from the
second cathode.

[0027] In additional or alternative embodiments of any
of the foregoing embodiments, the shifting comprises
vertically moving the magnet from a first position to a
second position.

[0028] In additional or alternative embodiments of any
of the foregoing embodiments, the anode is a wall of the
vacuum coating-chamber.

[0029] In additional or alternative embodiments of any
of the foregoing embodiments: the substrate comprises
a nickel-based or a cobalt-based superalloy; the first ma-
terial is a first MCrAlY; and the second material is a sec-
ond MCrAlY different from the first MCrAIY.

[0030] Another embodiment of the disclosure involves
an apparatus for cathodic arc deposition. The apparatus
comprises: a chamber; afirst cathode; a second cathode;
a magnet; and an actuator for shifting a relative position
of the magnet and the first and second cathodes to shift
from depositing from the first cathode to depositing from
the second cathode. The apparatus further comprises an
actuator for vertically moving substrates from a first po-
sition associated with deposition from the first cathode
to a second position associated with deposition from the
second cathode.

[0031] In additional or alternative embodiments of any
of the foregoing embodiments, the shifting comprises
vertically moving the magnet from a first position to a
second position.

[0032] In additional or alternative embodiments of any
of the foregoing embodiments, the anode is a wall of the
chamber and the first cathode and second cathode sur-
round a vertical axis one above the other.

[0033] In additional or alternative embodiments of any
of the foregoing embodiments: the first cathode compris-
es a first MCrAlY; and the second cathode comprises a
second MCrAlY different from the first MCrAlY. Docu-
ments US 2008/0138529 A1 and EP 2484 799 A1 both
describe cathodic arc evaporation methods and appara-
tuses using a hollow segmented cathode and a movable
magnet within it.

[0034] The details of one or more embodiments are
set forth in the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages will
be apparent from the description and drawings, and from
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0035]

FIG. 1 is a partially schematic sectional view of sub-
strate having a thermal barrier coating (TBC).

FIG. 2 is a partially schematic view of a vane bearing
the TBC.

FIG. 3is a partially schematic view of a blade bearing
the TBC.

FIG. 4 is a flowchart of a process for coating the
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substrate of FIG. 1.

FIG. 5 is a partially schematic view of a deposition
apparatus.

FIG. 6 is a table of alloy compositions.

FIG. 7 is a table of high-Al and/or lower-Cr bondcoat
compositions.

FIG. 8 is a table of high-Cr bondcoat compositions.

Like reference numbers and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION

[0036] FIG. 1 shows a thermal barrier coating system
20 atop a metallic substrate 22. In one aspect, the sub-
strate is a nickel-based superalloy or a cobalt-based su-
peralloy such as a cast component (e.g., a single crystal
casting) of a gas turbine engine. Exemplary components
are hot section components such as combustor panels,
turbine blades, turbine vanes, and air seals.

[0037] Exemplary substrate compositional ranges are
shown in Table | of FIG. 6. In some aspects of the ma-
terials in Table | (and Tables Il and Il below), the mate-
rials may consist essentially of the listed elements (e.g.,
with at most trace amounts of other elements). In some
aspects, other elements may be present in individual
quantities less than 2.0 weight percent and/or aggregate
quantities less than 5.0 weight percent, more narrowly
1.0 weight percent individually and 2.0 weight percent
aggregate.

[0038] The coating system 20 may include a bondcoat
30 atop a surface 26 of the substrate 22 and a thermal
barrier coating (TBC) system 28 atop the bondcoat. A
thermally grown oxide (TGO) layer 24 will form at the
interface of the bondcoat to the TBC. The bondcoat is a
multi-layer bondcoat with at least two layers. A first layer
32 is a lower layer. A second layer 34 is over the first
layer. In the exemplary system, the bondcoat consists of
or consists essentially of the first and second layers (e.g.,
subject to relatively small gradation/transition with each
other (and with the TGO as noted above).

[0039] The exemplary TBC is a single-layer TBC. Al-
ternatives may involve a multi-layer TBC with atleast two
layers or a gradient TBC. In the exemplary system, the
TBC consists of or consists essentially of the single layer.
Multi-layer systems may be subject to relatively small
gradation/transition or continuous transition with each
other. Again, there may be a small transition involving
the TGO.

[0040] FIG. 2 shows a vane 50 comprising the cast
metallic substrate 22. The vane includes an airfoil 52 hav-
ing a surface comprising a leading edge 54, a trailing
edge 56, a pressure side 58, and a suction side 60. The
airfoil extends from an inboard end at a platform or band
segment 62 to an outboard end and an outboard shroud
or band segment 64. The segments 62 and 64 have re-
spective gaspath surfaces 66 and 68. These are essen-
tially normal to the airfoil surfaces. The TBC system ex-
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tends at least along the surface of the airfoil and the sur-
faces 66 and 68.

[0041] FIG. 3 shows a blade 100 having an airfoil 102
extending outward from a platform 104. The blade in-
cludes an attachment root 106 inboard of the platform.
The platform 104 has an outboard gaspath surface 108.
[0042] The exemplary bondcoat 30 is an overlay
MCrAlY bondcoat. An exemplary MCrAlY overlay bond-
coat is a NiCoCrAIYHfSi.

Exemplary bondcoat thicknesses are 1-20 mils (0.02 to
0.5 mm), more narrowly, 2-15 mils (0.05 to 0.4 mm) or
3-8 mils (0.08 to 0.2 mm) on average, depending upon
the application. The layers 32 and 34 may differ in com-
position from each other and from more typical bondcoats
in several manners. Exemplary layer 34 is a high chrome
NiCoCrAIYHfSi, referred to as HiCrBC. This has a high
Cr content (e.g., > 20 wt%, more particularly, 20-40 wt%
or 25-35 wt% or 29.5-34.5 wt% as applied). This bond-
coat material provides excellent corrosion resistance at
temperatures below 1800 °F. It was not developed for
use as a traditional bondcoat. Its current application is
targeted areas that show corrosion issues. HiCrBC has
been tested at elevated temperatures and shows a debit
in life vs. a typical NiCoCrAlY due to the lower aluminum
content.

[0043] Exemplary layer 32 may have one or more of
several properties (either absolute or relative to the first
substrate). In some examples, layer is high-aluminum,
having composition chosen to complement layer 34. For
example, the oxidation and spallation lives of the ceramic
TBC may be, in some aspects, enabled through the for-
mation of an alumina (Al,O3)-based thermally grown ox-
ide (TGO) or alumina scale 24 (discussed below). Exem-
plary compositional ranges are shown in Table Il of FIG.
7. The aluminum from the layer 32 is believed to diffuse
through the layer 34. In some examples, while still sig-
nificant, the as-applied Al content of the layer 32 may be
less than that of the layer 34. In such situations, the layer
32 may still be a lower-Cr composition than the layer 34.
[0044] The alumina scale forms by high-temperature
oxidation of the aluminum in the metallic coating, in par-
ticular usually during deposition (e.g., electron-beam
physical vapor deposition) of the ceramic layer of the
thermal barrier coating system. The aluminum diffuses
outward from the bondcoat, while the oxygen moves in-
ward from the surrounding atmosphere. The aluminum
and the oxygen combine to form an oxide scale, which
initially builds up rapidly, with the thickness growing lin-
early with time. As the alumina scale grows in thickness,
the aluminum has to diffuse through the scale to pick up
the oxygen, and the thickness buildup slows down
(curves downward). At that point in time (perhaps two to
three minutes into the ceramic deposition process at
about 2000°F (1093°C)), the rate of thickness growth is
no longer linear with time, but closer to parabolic. At the
completion of the ceramic deposition process, perhaps
atabout 15 to 20 minutes or so, an exemplary scale thick-
ness may be in the range between 0.2 micrometers to
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0.4 micrometers (8 microinches to 16 microinches). The
oxygen remains available to build the oxide scale during
ceramic deposition because it is present in the atmos-
phere of the coating chamber, butit also easily permeates
through the ceramic topcoat being deposited while the
oxide scale is forming/growing. The oxygen permeates
between the columns of an electron-beam physically va-
por deposited ceramic, as well as through the columns,
because the zirconium oxide-based ceramic materials
are, effectively, transparent (permeable) to the oxygen.
The composition of the oxide scale is aluminum oxide,
in the form of its alpha-phase, which will form at the tem-
perature of interest of about 2000°F (1093°C), but will
transform rapidly through some of its metastable forms
(such as the theta aluminum oxide) as the part temper-
aturerises during the preheat step of the coating process.
[0045] The presence, in the bondcoat, of active ele-
ments such as yttrium, hafnium, silicon, and zirconium
may, in various embodiments further improve the adher-
ence of the thermally grown oxide to the ceramic top coat
and bondcoat.

[0046] Whereas the HiCrBC composition contains a
moderate amount of aluminum, in some examples its Al
content is lower than in the high-Al (or, lower-Cr) com-
position (e.g., by at least 2 weight percent or by at least
3 weight percent or, more narrowly, by at least 5 weight
percent). This limits effectiveness of the HiCrBC used
alone in an oxidizing atmosphere. In others, the HiCrBC
Al content may be more than that of the lower-Cr com-
position (e.g., in some examples up to 2 weight percent
more).

[0047] Additionally the high chromium content in the
HiCrBC will favor the formation of chromia (Cr,O3) at
intermediate temperatures. While effective against cor-
rosion products, chromia is less effective than alumina
for top coat adherence. Exemplary as-applied Cr content
in the HiCrBC will typically be at least 10 weight percent
higher than in the high-Al or lower-Cr, more narrowly at
least 15 weight percent or at least 20 weight percent.
[0048] Exemplary thicknesses of each of the layers 32
and 34 is broadly 1 to 10 mils (0.02 to 0.25 mm); narrowly
1.5 to 4 mils (0.04 to 0.1mm). Deposition techniques in-
clude air plasma spray (APS), low pressure plasma spray
(LPPS), high velocity oxy fuel (HVOF), sputtering, ca-
thodic arc deposition and EB-PVD. Relative thicknesses
may be about equal to each other (e.g., with both layers
representing about 20-80% total thickness (locally or av-
erage), more particularly 40-60%). The relative impor-
tance of the respective properties of these two layers in
a given application may influence which layer is thicker.
[0049] An exemplary total thickness (local or average)
of the one or more TBC layers 28 is in excess of 1 mil
(0.02 mm), more particularly at least 3 mils (0.08 mm) or
an exemplary 5 to 20 mils (0.13 to 0.50 mm) or 10 to 40
mils (0.25 to 1 mm) depending upon the application.
[0050] Such layer(s) may be applied by techniques in-
cluding APS, EB-PVD, SPS, SPPS, and slurry coating
(with EB-PVD being particularly facilitative of the TGO
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formation).

[0051] The hotcorrosion protective feature of the bond-
coat should be most effective with the columnar form of
the thermal barrier coating topcoat deposited by electron
beam physical vapor deposition, because the contami-
nants/corrodants will infiltrate the ceramic TBC between
its columns and potentially reach the TBC/bondcoat in-
terface during engine operation. A similar columnar fea-
ture develops also with the TBC deposited by the solution
plasma spray process of interest for combustor panel
and blade outer air seal applications. Moreover, air-plas-
ma spray applied dense vertically cracked TBCs would
also have a similar feature, these being of interest to the
blade outer air seal, industrial gas turbine blades and
vanes applications. The standard TBC chemical compo-
sitions are 7 to 8 wt.% yttria-stabilized zirconia, as well
as an exemplary 55 to 64 (nominal 59) wt.% gadolinia-
stabilized zirconia topcoat with nearly 50% reduced ther-
mal conductivity relative to the yttria-stabilized zirconia.
[0052] FIG. 4 shows an exemplary process 200 for
coating the substrate. After initial substrate manufacture
(e.g., casting, finish machining, cleaning, and the like)
the bondcoat first layer 32 is applied 202 and the second
layer 34 then applied 203. This may be done by cathodic
arc deposition (or other methods as described above).
Both stages may be performed in a single chamber (not
shown) or in two chambers with transfer in between;
whereafter the substrate(s) are transferred 204 to a sec-
ond chamber (not shown) for TBC deposition.

[0053] A surface preparation 206 may comprise heat
treatment, surface finishing/compaction, further cleaning
and/or grit blasting (e.g., in yet other chambers) prior to
reaching the second chamber. There may also be ther-
mal conditioning via heater (not shown). The TBC 28 or
a first layer thereof may be applied 210 via EB-PVD in
the second chamber. A further surface preparation (not
shown) may follow and may require removal from the
second chamber.

[0054] After application of the first layer, a second or
further TBC layer may be then applied 212 (e.g., by the
same method in the same chamber but using at least a
partially differing source (e.g., adding deposition from an
ingot of an additive to deposition from an ingot of the
base material (e.g., 7YSZ) or switching form an ingot of
the 7YSZ to an ingot of the combined material)).

[0055] Additional layers may be deposited (whether in
the aforementioned chambers or otherwise).

[0056] FIG. 5 shows an exemplary cathodic arc depo-
sition system 300 for depositing the two bondcoat layers
32 and 34. The system 300 includes a chamber wall
structure 302 having an interior surface 303 bounding a
chamber interior space 304.

[0057] A hollow cathode assembly 306 is centrally lo-
cated in the chamber interior 304 and comprises at least
two cathodes 308, 310. The exemplary cathodes 308
and 310 are axially aligned end-to-end or spaced apart
circumscribing a central vertical axis 520. When used to
deposit the present bondcoat, one of the two cathodes
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has composition selected to yield one of the layers while
the other cathode has composition selected to yield the
other layer. A cup structure 312 having a cover or lid 314
defines a vessel having an interior 316. The exemplary
interior contains chilled water (cooling system not shown)
for cooling a magnet 318. The exemplary magnet is a
permanent magnet having vertically oriented polarity
(e.g., with a north-up orientation in this particular exam-
ple). The water may also cool the cathodes which also
cool by radiation. The exemplary lid 314 may be conduc-
tive to serve as a pathway for electrical transfer to the
cathode(s). Inthis particular example, atleastarimflange
of the cup 312is also conductive and intervenes between
the lid 314 and the upper cathode 308 to establish elec-
trical connection therebetween.

[0058] The magnet 318 is carried via a shaft 320 or
similar means for reciprocal movement at least between
an upper condition/position (solid lines) and a lower con-
dition/position (broken lines). In the upper conditional po-
sition, the magnet facilitates deposition from the upper
cathode 308. In the lower position, the magnet facilitates
deposition from the lower cathode 310. An actuator 322
(e.g., electric, pneumatic, or hydraulic) may drive the re-
ciprocal movement under the control of a control system
324 (e.g., a micro-controller, computer, or the like). In the
exemplary implementation, the shaft 320 passes freely
through a cylindrical electrode 326 and is insulated rel-
ative to the electrode.

[0059] A cathode power supply 330 creates a potential
difference between the electrode 326 (and thus the cath-
odes) and the chamber wall 302.

[0060] FIG. 5 further shows a conductive support plate
340 in contact with a lower rim of the lower cathode 310
to complete the electrical circuit thereacross. 340is made
from a highly conductive metal such as copper to help
pull heat out of 310 (the lower cathode) and the 312 (cup
structure). 342 is a non-conductive material such as a
ceramic that supports 340 (plate) and separates it from
344 (metallic plate) and 350 (platter). The plate 340 is,
in turn, supported by an insulator 342 (e.g., a ceramic
plate) which, in turn, may be supported by an additional
plate 344. One, could manufacture a separation distance
(where 344 resides) into the platter 350; however 344
can have its thickness easily modified by exchanging
separation plates instead of building a new platter 350.

[0061] FIG. 5further shows a part holder or platter 350.
The part holder is connected to a power supply 352 for
applying a bias voltage relative to ground. An actuator
allows the part holder to be lifted or lift the parts between
respective positions for deposition from the two cath-
odes. Additionally, rotary or other actuators may be pro-
vided to rotate the parts about axes (e.g., rotation in di-
rections 530 about axes 532 for evenness of deposition).
[0062] In the exemplary embodiment, for purposes of
illustration, the upper cathode will be assumed to be as-
sociated with the bondcoat material 32 and the lower
cathode with the bondcoat material 34. These cathodes
may be formed of the respective materials or may have
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slightly altered combinations to account for species attri-
tion during deposition. Accordingly, the magnet and parts
are initially in the solid line raised positions associated
with the upper cathode 308.

[0063] With the power supplies 330 and 352 powered,
a cathodic arc 360 is formed. FIG. 5 shows the magnetic
field lines as 358. The cathodic arc extends between the
associated negatively-charged cathode 308 and the pos-
itively-charged chamber wall 302 serving as an anode.
With the part(s) maintained at negative potential by the
power supply or voltage source 352, a stream 362 of
positively-charged atoms deposit on the part to form the
associated layer 32 or 34. The residence time of the part
and magnet in the first position will determine the thick-
ness of the first layer 32. The appropriate thickness may
be determined by experimental verification of deposition
parameters.

[0064] The position of the magnet 318 will determine
the location of the cathodic arc. To shift from deposition
of material from the cathode 308 to the cathode 310, the
magnet is downwardly shifted by the actuator 322 to the
broken-line position. In the exemplary embodiment, the
parts are also shifted downwardly to remain at generally
even level with the magnet.

[0065] One or more embodiments have been de-
scribed. Nevertheless, it will be understood that various
modifications may be made. For example, implemented
in the remanufacture of a given article for the reengineer-
ing of the configuration of such article, details of the base-
line and its use may influence details of any particular
implementation.

Claims

1. A methodforcathodic arc deposition from afirst cath-
ode (308) and a second cathode (310), the method
comprising:

placing one or more substrates in a chamber
(304);

generating an arc (360) between the first cath-
ode (308) and an anode (302) to deposit a first
material from the first cathode;

generating an arc between the second cathode
and the anode to deposit a second material from
the second cathode; and

shifting a relative position of a magnet (318) and
the first and second cathodes to shift from de-
positing the first material to depositing the sec-
ond material; and further comprising:

vertically moving substrates from a first position
associated with deposition from the first cathode
to a second position associated with deposition
from the second cathode.

2. The method of claim 1 wherein:
the shifting comprises vertically moving the magnet
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from a first position to a second position.

3. The method of claim 1 or 2 wherein:

the anode is a wall of the chamber.

4. The method of any one of claims 1 to 3 wherein:
the substrate comprises a nickel-based or co-
balt-based superalloy;
the first material is a first MCrAlY; and
the second material is a second MCrAlY differ-
ent from the first MCrAlY.

5. An apparatus (300) for cathodic arc deposition, the

apparatus comprising:
a chamber (302);
a first cathode (308);
a second cathode (310);
a magnet (318); and
an actuator (322) for shifting a relative position
of the magnet and the firstand second cathodes
to shift from depositing from the first cathode to
depositing from the second cathode; and further
comprising:
an actuator for vertically moving substrates from
a first position associated with deposition from
the first cathode to a second position associated
with deposition from the second cathode.

6. The apparatus of claim 5 wherein:

the shifting comprises vertically moving the magnet
from a first position to a second position.

7. The apparatus of claim 5 or claim 6 wherein:
the anode is a wall (302) of the chamber (304);
and
the first cathode and second cathode surround
a vertical axis (520) one above the other.

8. The apparatus of any one of claims 5 to 7 wherein:
the first cathode comprises a first MCrAlY; and
the second cathode comprises a second MCrA-
IY different from the first MCrAlY.

Patentanspriiche

1. Verfahren fir kathodische Lichtbogenabscheidung

aus einer ersten Kathode (308) und einer zweiten
Kathode (310), wobei das Verfahren Folgendes um-
fasst:

Anordnen eines oder mehrerer Substrate in ei-
ner Kammer (304) ;
Erzeugen eines Lichtbogens (360) zwischen der
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ersten Kathode (308) und einer Anode (302),
um ein erstes Material aus der ersten Kathode
abzuscheiden;

Erzeugen eines Lichtbogens zwischen der zwei-
ten Kathode und der Anode, um ein zweites Ma-
terial aus der zweiten Kathode abzuscheiden;
und

Verschieben einer relativen Position eines Ma-
gneten (318) und der ersten und der zweiten
Kathode, um vom Abscheiden des ersten Ma-
terials zum Abscheiden des zweiten Materials
zu wechseln; und ferner Folgendes umfassend:
vertikales Bewegen von Substraten von einer
ersten Position, die mitder Abscheidung aus der
ersten Kathode verbunden ist, auf eine zweite
Position, die mit der Abscheidung aus der zwei-
ten Kathode verbunden ist.

Verfahren nach Anspruch 1, wobei:

das Verschieben das vertikale Bewegen des Mag-
neten von einer ersten Position auf eine zweite Po-
sition umfasst.

Verfahren nach Anspruch 1 oder 2, wobei:
die Anode eine Wand der Kammer ist.

Verfahren nach einem der Anspriiche 1 bis 3, wobei:

das Substrat eine Superlegierung auf Nickelba-
sis oder auf Kobaltbasis ist;

das erste Material ein erstes MCrAlY ist; und
das zweite Material ein zweites MCrAlY ist, das
sich vom ersten MCrAlY unterscheidet.

Vorrichtung (300) zur kathodischen Lichtbogenab-
scheidung, wobei die Vorrichtung Folgendes um-
fasst:

eine Kammer (302);

eine erste Kathode (308);

eine zweite Kathode (310);

einen Magneten (318); und

einen Aktuator (322) zum Verschieben einer re-
lativen Position des Magneten und der ersten
und der zweiten Kathode, um vom Abscheiden
aus der ersten Kathode zum Abscheiden aus
der zweiten Kathode zu wechseln; und ferner
Folgendes umfassend:

einen Aktuator zum vertikalen Bewegen von
Substraten von einer ersten Position, die mitder
Abscheidung aus der ersten Kathode verbun-
den ist, auf eine zweite Position, die mit der Ab-
scheidung der zweiten Kathode verbunden ist.

Vorrichtung nach Anspruch 5, wobei:

das Verschieben das vertikale Bewegen des Mag-
neten von einer ersten Position auf eine zweite Po-
sition umfasst.
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Vorrichtung nach Anspruch 5 oder Anspruch 6, wo-
bei:

die Anode eine Wand (302) der Kammer (304)

5.

Appareil (300) pour le dépbt par arc cathodique, I'ap-
pareil comprenant :

une chambre (302) ;

ist; und 5 une premiere cathode (308) ;
die erste Kathode und die zweite Kathode eine une seconde cathode (310) ;
vertikale Achse (520) tbereinander umgeben. un aimant (318) ; et
un actionneur (322) pour déplacer une position
Vorrichtung nach einem der Anspriiche 5 bis 7, wo- relative de 'aimant et des premiére et seconde
bei: 10 cathodes pour passer du dépdt de la premiéere
cathode au dépbt de la seconde cathode ; et
die erste Kathode ein erstes MCrAlY umfasst; comprenant en outre :
und un actionneur destiné a déplacer verticalement
die zweite Kathode ein zweites MCrAlY umfasst, des substrats entre une premiére position asso-
das sich von dem ersten MCrAlY unterscheidet. 15 ciée au dépdbt de la premiére cathode et une

seconde position associée au dépét de la se-
conde cathode.

Revendications
6. Appareil selon la revendication 5, dans lequel :

1. Procédé de dépbtpararc cathodique d’'une premiére 20 le déplacement comprend le déplacement vertical

cathode (308) et d’'une seconde cathode (310), le
procédé comprenant :

le placement d’un ou de plusieurs substrats
dans une chambre (304) ;

la génération d’un arc (360) entre la premiére
cathode (308) et une anode (302) pour déposer
un premier matériau de la premiére cathode ;
la génération d’un arc entre la seconde cathode
et 'anode pour déposer un second matériau de
la seconde cathode ; et

le déplacement d'une position relative d’un
aimant (318) et des premiére et seconde catho-
des pour passer du dép6t du premier matériau
au dépdt du second matériau ; et comprenant
en outre :

le déplacement vertical de substrats entre une
premiére position associée au dépét de la pre-
miere cathode et une seconde position associée
au dépobt de la seconde cathode.

Procédé selon la revendication 1, dans lequel :

le déplacement comprend le déplacement vertical
de l'aimant entre une premiére position et une se-
conde position.

Procédé selon la revendication 1 ou 2, dans lequel :
'anode est une paroi de la chambre.

4. Procédé selon 'une quelconque des revendications

1 a 3, dans lequel :

le substrat comprend un superalliage a base de
nickel ou a base de cobalt ;

le premier matériau est un premier MCrAlY ; et
le second matériau est un second MCrAlY dif-
férent du premier MCrAlY.
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7.

8.

de l'aimant entre une premiére position et une se-
conde position.

Appareil selon la revendication 5 ou la revendication
6, dans lequel :

I'anode estune paroi (302) de lachambre (304) ;
et

la premiére cathode et la seconde cathode en-
tourent un axe vertical (520) 'une au-dessus de
I'autre.

Appareil selon I'une quelconque des revendications
5 a7, dans lequel :

la premiére cathode comprend un premier
MCTrAIY ; et

laseconde cathode comprend un second MCrA-
Y différent du premier MCrAlY.
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FiG. 7
Table 11
Lower-Cr Bondcoat Compositions (wt. %)

14

Range Cr | Co | Al Y |Si |Hf |Ta |W [Mo|Zr Ni
Broad 1 Min |5 |0 |6 0.1/01]01]0.0[0.0/0.0/0.0 |Bal
Max |30 |30 |35 |20]70/2.0(8.0]8.0/2.0]20 |Bal
Broad 2 Min |1 |5 |3 0.1/01]0.1]0.0]/0.0{0.0]/0.05] Bal.
Max |20 |20 |15 [1.0]05/1.0/8.0/8.0[2.0]/0.50] Bal.
Broad 3 Min 11.0/0.0]3 0.1/01]01]0.0]/0.0/0.0{0.0 |Bal
Max |30 |30 |35 |20]70/20/8.0]8.0][20]20 |Bal
Intermediate | Min |10 |15 |10 ]0.2]0.2]0.1/0.0/0.0[0.0/0.0 | Bal
1 Max |20 |25 |15 |1.0/1.0/05]6.0/5.0|1.7/0.2 |Bal.
Intermediate | Min | 5 8 8 02101]102(20]2011.0]0.1 |Bal
2 Max |8 |15 |12 |0.8]03/08/8.0/8.0/2.0]/0.5 |Bal
Intermediate | Min |10 |10 | 6 01701101100/ 0.0]0.0]0.1 |Bal
3 Max |15 |15 | 10 0.7/03]06|1.0(1.0]1.0]0.5 | Bal
Intermediate | Min |5 |10 |5 0.2/01]01]0.0/0.0{0.0]/0.0 |Bal
4 Max |20 |25 | 15 1.011.0]0.7(7.016.0/1.7/0.2 | Bal.
Example 1 Min 114 |20 [11.0]104]0.3|0.1/0.0]0.0|0.0|0.0 | Bal
Max |18 |24 [135(0.80.7/04/0.1]0.110.1}0.1 Bal.
Example 2 Min 15510 |9.0 10.3]0.1]10.2/3.0/3.0{1.1]0.1 Bal.
Max|7.0/13 [11.0]0.7]0.3|/06|6.0]5.0]1.7|0.2 | Bal
Example 3 Min |11 |11 |75 102]|0.1]/01]0.0/0.0/0.0]0.1 Bal.
Max |14 |14 |95 (1060305 |0.1]10.110.1]0.2 | Bal
FIG. §
Table 111

High-Cr Bondcoat Compositions (wt. %)

Range Cr [ColAl |Y Si Hf | Ni

Broad Min 120 |0 |5 0 0 0 | Bal

Max |40 |30 13 |2 2 2 | Bal

Intermediate Min |25 |10 |6 0.2 [0.1 |0.1]|Bal

Max |35 |20 |10 |1.0 |1.0 |1.0]|Bal.

Example Min 1 29.5|15 |6.5 |0.25|0.15| 0.1 | Bal.

Max | 34519 19.2 |0.75/0.65|0.4 | Bal.
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